the GA appears disassembled, suggesting a role of nin-soluble fraction. On the contrary, significant amounts of GMAP-210, ␥-tubulin, and GCP3 were present in sa-GMAP-210 in maintaining Golgi structure and in regulating membrane traffic (Pernet-Gallay et al., 2002). Due to ponin-soluble fraction. Indeed, when saponin-extracted cells were examined by immunofluorescence microsall of these characteristics, GMAP-210 has been recently included in the golgin family (Barr and Short, 2003). copy, cytosolic ␥-tubulin labeling was no longer detectable ( Figure 1D , compare middle panels). Instead, a conHowever, GMAP-210 exhibits a unique characteristic: the presence of a highly basic, probably globular, spicuous ␥-tubulin pericentrosomal labeling largely overlapping with that of GM130 (not shown), or GMAP-C-terminal domain that binds to MT minus ends. Overexpression of a truncated mutant lacking C-terminal do-210, became apparent ( Figure 1D , bottom gallery). After NP-40 treatment, which extracted most Golgi memmain has no effect on GA structure, suggesting that perturbations of membrane transport and Golgi strucbranes, ␥-tubulin labeling of the GA was dramatically reduced and a prominent centrosome staining was obture caused by GMAP-210 overexpression are linked to perturbations in MT network (Infante et al., 1999) . served (not shown). These results reveal that part of ␥-tubulin is concentrated not only on the centrosome We show now that GMAP-210 interacts with ␥-tubulincontaining complexes. ␥-tubulin colocalizes with GMAPbut also on Golgi membranes, an observation which, to our knowledge, has not yet been documented in situ. It 210 at the GA and associates with Golgi membranes in a GMAP-210-dependent manner. Depletion of GMAPmust be noted that all of these experiments were carried out using ␥T4D (Tassin et al., 1998). This polyclonal 210 by RNA interference causes fragmentation of the Golgi ribbon into small elements that contain proteins antibody recognizes at least eight epitopes located throughout the entire sequence of human ␥-tubulin as from all Golgi compartments. Finally, we show that when ectopically targeted to peripheral cytoplasmic organrevealed by SPOT technique-based experiments (Figure 1E ). elles such as mitochondria, GMAP-210 induces the recruitment of mitochondria around the centrosome and IP of GMAP-210 from NP-40-soluble fraction after saponin extraction revealed the presence of GMAP-210/ a dramatic perturbation of the GA.
␥TCCs ( Figure 1F ). These complexes did not contain ␣-tubulin, suggesting that direct binding of GMAP-210 Results to MTs that we have previously observed in vitro (Infante et al., 1999) is not preserved under these conditions.
GMAP-210 Binds to ␥-Tubulin-Containing
Reciprocal experiments using ␥T4D provided identical Complexes results (not shown). Finally, when we performed sucrose As GMAP-210 was previously shown to bind MT minus density gradient centrifugation of this sample (Figure ends (Infante et al., 1999) , we tested the possibility that 1G), the major fractions of GMAP-210 and of ␥-tubulin/ it could interact with ␥-tubulin-containing complexes GCP3 did not cosediment precisely. We thus carried out (␥TCCs). We first performed reciprocal immunoprecipi-IP experiments using fractions corresponding to GMAPtation ( The Golgi ribbon appeared broken in fragments that remained mostly located near the nucleus and contained unfocused asters increased with time, suggesting a competition for MT anchoring between the centrosome markers of the cis-(GM130 and giantin), medial-(CTR433), and trans-Golgi (GalTf), suggesting that some degree of and the GA. We conclude that if nucleation occurs at the Golgi surface, it is either different from bona fide Golgi organization is retained in these fragments. The extent of Golgi fragmentation correlated well with the nucleation taking place at the centrosome or nucleated MTs cannot elongate (see Discussion).
reduction of GMAP-210 expression. When no GMAP-210 labeling could be appreciated, fragments were small and all of the same size (see insets in Figures 5D and 5E ).
Reducing the Level of GMAP-210 Dramatically Fragments the Golgi Ribbon
Remarkably, in the absence of GMAP-210, ER exit sites detected by Sec31 marker were less clustered around To further analyze the functional significance of GMAP-210/␥TCCs interaction, we lowered the expression level the GA. Partial colocalization of giantin-containing Golgi elements with ER exit sites was maintained although of GMAP-210 by RNA interference (RNAi). Two nonoverlapping siRNAs were synthesized and separately never at the cell periphery ( Figure 5B ). Finally, double labeling for ␥-tubulin and GM130 revealed that Golgi transfected on HeLa cells. In both cases, a reduction in GMAP-210 level of 50%-60% was detected after 72 hr fragments were no longer in a pericentrosomal location although they were mostly located near the nucleus. (Figure 5A ). After correction for transfection efficiency that was calculated by counting GM130-positive/ Next, we analyzed the behavior of the fragmented GA when GMAP-210-depleted cells were subjected to GMAP-210-negative cells, we estimated that expression of GMAP-210 per cell was reduced by more than 80%. different treatments. The response of Golgi proteins to BFA was seemingly normal. CTR433 ( Figure 5C ) and This reduction was specific because all other Golgi markers tested remained unchanged (see below). Immuanti-GalTf (not shown), two Golgi membrane proteins ., 1994) . The mitochondrial localization of products was confirmed using anti-cytochrome-
GMAP-210 Is Required for Golgi Ribbon Formation
The process by which incoming membranes are incorc-oxidase antibody or MitoTracker TM as indicated (Figure 6) . A remarkable pericentrosomal clustering of mitoporated into the cis-Golgi or undergo homotypic fusion to generate the first Golgi cisternae only begin to be chondria was observed in GFP-GMAP-210 mito ( Figure 6A Whether GMAP-210 participates directly in membrane fusion, through its long coiled-coil that would confer properties similar to those exhibited by some golgins, will deserve further study. Supporting this possibility is our observation that mitochondria carrying GMAP-210 in their surface, but not those carrying a truncated mutant lacking the long coiled-coil domain, profoundly perturbed the GA morphology as well as markers distribution and markedly impaired cell viability. We have attempted to analyze the behavior of ⌬C-GMAP-210 targeted to mitochondria. Unfortunately, this construct led to mitochondria aggregates that precluded definitive conclusions. Future studies will aim at elucidating how molecular machineries controlling membrane fusion and MT anchoring are coordinated in order to ensure the correct structure and localization of the GA.
Finally, the range of signaling events occurring at both In conclusion, the long-described subset of stable ties, organelle transport involves regulation of static MT MTs present in the Golgi area, distinct from the aster binding activities that could act as brakes or anchors.
of cytoplasmic MTs, would be directly involved in GA The GMAP-210-mediated binding of mitochondria to MT biogenesis and activity. By providing Golgi membranes minus ends could indeed impair their plus end-directed with a mechanism that anchors MT minus ends at the transport to the cell periphery. At the Golgi surface, a centrosome boundary, GMAP-210 appears as a key prosimilar static link could interfere with retrograde memtein for linking the biogenesis of the Golgi ribbon with brane movements powered by kinesin contributing to its location at the cell center. the maintenance of the Golgi structure and to the pericentrosomal steady-state localization of the GA.
